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ABSTRACT 



As budget and force reductions continue, Navy recruiting must become more 
efficient, using fewer dollars and resources. In an effort toward achieving this goal, 
this thesis proposes two procedures to evaluate the efficiency of Navy recruiting. 
Both procedures are based on two Data Envelopment analysis models. One procedure 
assumes that all inputs are discretionary and the other does not. To demonstrate 
their effectiveness, the two procedures were implemented in the General Algebraic 
Modeling System (GAMS) and used to analyze the efficiency of recruiting districts 
from the four services: Navy, Marine Corps, Army and Air Force. 
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I. INTRODUCTION 

Budget downsizing will continue to force reductions in the total number 
of personnel serving in the United Sates Navy. As a result, fewer billets will 
need to be filled. It might seem that this would make recruiting easier. In 
reality, maintaining an adequate (all volunteer) national defense will require 
that remaining billets be filled by the best qualified young people. Attracting 
these higher quality enlistees demands that recruiting efforts be ever more 
concentrated on a smaller eligible pool. Furthermore, the ability of the Navy 
to effectively compete in the recruiting market is under increasing challenge 
from the other Services and private industry. To meet this challenge, Navy 
recruiting must be efficient as well as effective. 

A. BACKGROUND 

Commander Navy Recruiting Command (CNRC), headquartered in 
Arlington, Virginia, was responsible for recruiting over 130,000 individuals in 
1991. Accomplishing this required a budget of some 400 milli on dollars and a 
"sales force" of more than 4000 recruiters. These salespeople are distributed 
throughout the geographic United States, which is divided into five recruiting 
areas, and further subdivided into 41 districts. Districts are split into 287 
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zones, and the zones are split into 1283 stations. Stations then provide face to 
face sales effort for United States Navy recruiting. 

This thesis focuses on measuring the efficiency of recruiting efforts at the 
district level. Of particular interest is the comparison of Navy efforts with 
those of the Marine Corps, Army, and Air Force. Unlike production entities in 
industry, recruiting efficiency is not readily quantified using traditional concepts 
such as prices and production functions. First, recruiting districts are by nature 
not-for-profit organizations. Second, the "products" or "outputs" of recruiting 
districts are the numbers of each "quality category" of young people who enlist. 
So it is difficult, and subjective at best, to associate a monetary value with each 
recruit category in order to compare district efficiencies on the same (absolute) 
scale. In order to avoid entirely the issue of setting an absolute scale, this 
thesis employs Data Envelopment Analysis (DEA), originally proposed by 
Charnes, Cooper and Rhodes (1978). 

B. ORGANIZATION 

Chapter II provides background on DEA. Specifically, two DEA models are 
examined. The first assumes that resources used in recruiting are 
discretionary, the second model treats some resources as non-discretionary. 
Chapter III uses each of the two rhodels to analyze and compare Navy 
recruiting efforts to those of the Marine Corps, Army, and Air Force. Finally, 
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Chapter IV summarizes the thesis and provides suggestions for future 
investigation. 
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H. DATA ENVELOPMENT ANALYSIS (DEA) 



Charnes, Cooper, and Rhodes (1978) proposed Data Envelopment Analysis 
(DEA) as a method with which to evaluate the efficiency of Decision M akin g 
Units (DMUs). Their term DMU emphasizes the not-for-profit nature of the 
entities under consideration. The concept of efficiency used in DEA is based 
on the ratio of outputs to inputs for a given DMU. Outputs refer to the 
products, benefits or outcomes created by a given DMU. Inputs are simply the 
resources used in creating these outputs. In some cases, inputs are further 
segregated into two categories. One category encompasses inputs which can be 
controlled by a DMU and are referred to in the literature as "discretionary". 
The other category of inputs is referred to as "non-discretionary", since their 
levels are beyond the decision maker’s control. 

The idea of efficiency as a ratio of outputs to inputs has intuitive appeal. 
A greater ratio represents more output per input, i.e., higher efficiency. This 
natural appeal has motivated researchers to study and extend DEA models in 
various directions. Of particular interest here is the work of Banker and Morey 
(1986) who extended the basic DEA model, to allow for the discrimination 
between discretionary and non-discretionary inputs. Other applications of DEA 
to evaluate organizational efficiency include hospital production (Banker, et al., 
1986), Electric Cooperatives (Thomas, 1986), U.S. Air Force Equipment 
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Maintenance (Charnes, et al., 1985), U.S. Army Recruiting (Charnes 1990), 
Program Follow Through (Charnes, et al., 1981), School efficiency (Bessent, et 
al., 1980) and others. These are only a few examples. A comprehensive 
bibliography (Seiford 1990) listed over 400 publications related to DEA. 

The next sections address two basic DEA models. The first assumes that 
all inputs are discretionary, the second that some inputs are beyond the DMU’s 
control. Each section begins by describing a DEA model as it appears in the 
literature. However, when the models are applied to the measurement of 
organizational efficiency, there are some inconsistencies. To overcome them, 
alternative procedures are proposed. 

A. MODEL WITH ALL INPUTS DISCRETIONARY 

To begin, define the following 
Indices: 

d index of DMU where d = l,...,n and n = total number of DMUs 

i index of inputs where i = l,...,r and r = the number of (different) 

inputs 

j index of outputs where j = l,...,p and p = the number of (different) 
outputs 

Problem data: 

Xx amount of input i used by DMU d 
y jd amount of output j produced by DMU d 



5 



Using the above notation, DEA defines efficiency based on a ratio of weighted 
outputs to inputs in the following manner: 

p 

E 

z <* — 

E 

/-i 

where 

Uj = weight assigned to output j 
v ( = weight assigned to input i 
Z d = the ratio of outputs to inputs for DMU d 
Note that weights Uj and i/, together can be thought of as factors which convert 
outputs and inputs of different types (and scales) to one universal measure. In 
DEA methodology, each DMU is allowed to choose its own weights. If all 
DMUs were required to use the same weights in calculating their ratios, it 
would in effect be like assigning values (e.g., costs or prices) to each input and 
output. But assignment of costs/prices is inappropriate, particularly to outputs, 
in the not-for-profit setting. Weights Uj and u, are not, however, chosen 
arbitrarily. In particular, they must satisfy the following criteria: 

1) All weights must be positive, i.e., Uj > 0 and u, > 0 for all i and j. 

2) No DMU’s ratio is allowed to exceed a value of one using a given set of 
weights. 

Thus, to determine how efficient a given DMU is, DEA selects that set of 
weights which maximize the DMU’s ratio, while satisfying both criteria. More 
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specifically, the problem of determining efficiency for DMU k can be formulated 
as follows: 

[DEA1]: 

E % 

Z t = maximize ill 

K r 

E 

<»i 

subject to: 

P 

E U jYjd 

iil *s 1 for d = 1 , . . . , n 

r 

E v < x id 

i=\ 

Uj > 0 for j = 1, . . . , r 

v, > 0 for i = 1, ... ,p 

Note, the first constraint ensures that criterion two is satisfied, and can be 
equivalently written as 

P r 

E u jYjd s E for d = 1, . . . ,n. 

This makes the constraint linear. The objective function, however, is still 
nonlinear and can be shown to be both pseudo-convex and pseudo-concave (see, 
e.g., Bazaraa and Shetty, 1979). 
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If the solution to the optimization problem, DEA1, yields a ratio of one, 
i.e., Z k = 1, then DMU k is considered to be efficient. If Z k < 1, then DMU k 
is inefficient and Z k represents an "efficiency ratio". However, there are no 
optimization procedures that can effectively handle the last two sets of 
constraints in DEA1. To apply existing procedures to DEA1, the strict 
inequalities must be relaxed, thereby allowing the weights to be zero. 
However, zero weights do not provide answers consistent with the definition 
of efficiency. 

To illustrate, consider an example with six DMU’s. Each uses one unit of 
input to produce two types of output. The data for these notional DMUs is 
displayed in Table 1. 

TABLE 1: AN EXAMPLE PROBLEM 
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FIGURE 1: Data from the Example Problem 



Figure 1 graphically displays the data in Table 1. Note that only output 
amounts are plotted, since each DMU uses a single unit of input. Applying 
problem DEA1 (with zero weights allowed) to the above data yields the 
following ratios: Zj = Z 2 = Z 3 = Z 4 = 1.0, and Z 5 = Z 6 = 0.8. (Table 2 
provides the complete results.) 
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